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Abstract 
The non-equilibrium molecular dynamics method is used in this paper to simulate the nano-scale shear-driven gas flows. The 
velocity gradients and shear stress profiles across the channel are first sampled according to molecular positions and thermal 
velocities. The Newton viscosity law is then adopted to obtain the local effective viscosity. By using this method, the distribution 
of effective viscosity across the channel is achieved for the first time. The effective viscosity in the bulk region of the channel 
agrees very well with the experimental data at different gas density and wall velocity. However, the local effective viscosity 
decreases when the fluid approaches the wall, because of the interactions between wall and gas molecules. The wall influence 
depth is independent of the wall velocity in Couette flow. However, this depth decreases with the increase of gas density due to 
more inter-molecule collisions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction 
With the rapid development of nanotechnology, nano-electromechanical systems (NEMS) have received great 
attentions during the past decade. Many of these systems are engaged with fluid flow phenomena, e.g., motors, 
actuators, sensors, and valves [1, 2]. Understanding the flow of fluid at the nano-scale is currently a subject of great 
interest.  
Extraordinarily fast transport of fluid in carbon nanotubes (CNTs) are discovered in many experimental 
investigations. Pressure driven flow velocities of 4 or 5 orders of magnitude higher than predicted from Newtonian 
flow using the Hagen-Poiseuille equation has been observed in multiwalled carbon nanotube membrane pores of 
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7nm inner diameter by Majumder et al [3]. In double walled carbon nanotube pores with an inner diameter of 1.6nm, 
Holt et al. found that the measured water flow exceeds values calculated from continuum hydrodynamics models by 
more than 3 orders of magnitude [4]. 
Molecular dynamics (MD) simulations are also employed by many researchers to study the fluid flow in CNTs or 
nano channels and much greater flow rates than expected are also found, for both liquid and gas flows [5]. This 
enhanced flow in CNTs or nano-scale channels is shown to be a result of the low friction in the channel [6]. As a 
result, it would be of great interest to investigate the fluid viscosity in nano-scale channels.  
But up to now, no investigations on the local viscosity in nano-scale channels can be found in the literature. The 
objective of this study is to investigate the local effective viscosity distribution in the channel, and to reveal the scale 
effect of apparent viscosity. This paper is organized as follows: in section 2, the MD simulation is introduced; the 
local viscosity distribution in the channel and the scale effect are discussed in section 3; and finally, section 4 
concludes the present study. 
2. Molecular dynamics simulation 
Calculation model is shown in figure 1. In order to reduce the amount of calculation, the schematic diagram of the 
wall into the virtual wall, the force between the wall and the fluid are stored into a database. When simulation begins, 
the database is called, by which a large number of atoms in simulation is saved, resulting in a greatly reduced 
amount of calculation. 
 
Fig. 1. Schematic of shear-driven Couette flow. 
The interactions between fluid-fluid and fluid-wall molecules are described by the truncated and shifted Lennard-
Jones (LJ) 12-6 potential: 
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where rij is the distance between two atoms, H is potential well depth and V is the atom diameter. The cut-off radius 
is 5V. In our simulation, the fluid molecule is argon and the wall molecule is platinum. The LJ parameters of argon 
(H=1.653u10-21 J, V=0.3405u10-9 m and m=6.635u10-26 kg) are served as non-dimensional constants.  
In the present simulation, the neighbor-list method is used to calculate the force between atoms while the 
velocity-Verlet algorithm is adopted to integrate the equations of atom motions. The time step in the simulation is 
set to be 10.8 fs. The first 1 million steps are used to equilibrate the system and another 100 million steps are used to 
accumulate properties. The Langevin thermostat method [7] is employed to control the gas temperature before 
equilibrium. Only thermal velocities are used to compute the fluid temperature and pressure. 
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In Newtonian fluid, the viscosity is only related to temperature, independent of the shear rate. However, in the 
flow of the micro-/nano-scale level, due to the interaction between fluid molecules and wall, the fluid molecules 
adjacent to the wall are out of thermodynamic equilibrium. Therefore, the traditional Newton's laws of linear 
relationship between shear stress and shear rate may not be established. In order to agree with conventional viscosity, 
we define the equivalent viscosity is: 
d
d
v
y
W P   ,                                                                                                                                                       (2) 
where W is the shear stress, P is the viscosity and d dv y  is the shear rate. 
3. Results and discussions 
Couette flow is investigated in the simulation. The channel height is 150 nm. The lower wall is stationary and the 
fluid is driven by the moving upper wall, with a nondimensional velocity of 3. The initial density of fluid is 8.45 
kg/m3 and fluid temperature is kept at 300 K. So the pressure is approximately 0.527 MPa and the Kn number is 
0.102. 
The distribution of local effective viscosity profile across the nano-channel is shown in Fig. 2. As can be found 
from the figure, the viscosity distribution is symmetrical across the channel. The bulk viscosity in the middle part of 
the channel in present simulation is 2.287u10-5 Pas, which agrees well with the experimental data at the same 
conditions. The relative error is 0.483%. But the effective viscosity decreases when approaching to the wall. The 
wall influence depth is about 35 nm in the present simulation. This phenomenon may be due to the interactions 
between wall and gas molecules.  
 
Fig. 2. Distribution of effective viscosity across the nano-channel. 
In order to investigate the effect of shear velocity on the local effective viscosity, four different upper wall 
velocities (vx=0.5, 1.0, 2.0 and 3.0) are studied. Other parameters are kept the same. The local effective viscosities at 
these four cases are shown in Fig. 3. We can find that different upper wall velocities have no effect on local 
effective viscosity near the wall.  
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Fig. 3. Distributions of effective viscosity near the wall under different wall velocities. 
The effect of fluid density on the local viscosity is then studied. Four fluid densities (U=10.08, 13.44, 16.80 and 
21.84 kg/m3) are studied. The upper wall velocity is 2. Other parameters are kept the same. The local effective 
viscosities at these four cases are shown in Fig. 4. We can find that all these four density approach to the same 
experimental data. However, the local viscosities near the wall are different. The wall influence depth decreases 
when the fluid density increases. This’s because the fluid molecules are easier to collide with each other at higher 
fluid density. Hence, they can achieve equilibrium state earlier. The variation of wall influence depth with fluid 
density is shown in Fig. 5.  
 
Fig. 4. Distributions of effective viscosity near the wall under different fluid densities. 
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Fig.5. Variation of wall influence depth with fluid density. 
4. Conclusions 
In nano-scale channel, flow experiences a flow pattern significantly different from that in the conventional scale, 
which is mainly caused by the interaction between fluid and wall atoms. Local effective viscosity are defined and 
calculated by using the molecular dynamics method and Newton's law. According to the simulation, we found that 
the viscosity of the gas can be divided into two regions: the bulk region and near wall region. In the bulk region, the 
fluid is away from the wall and the fluid viscosity agrees well with experiment data. But in the near wall region, the 
fluid effective viscosity decreases. The wall influence depth is approximately 35 nm. This depth is independent of 
upper wall velocity in the shear driven Couette flow and decreases with the increase of fluid density.  
With the help of local effective viscosity, the conventional Navier-Stokes equations can be used to study the flow 
characteristics in nano-scale channels, which can improve the efficiency of nano-scale channel flow simulation 
greatly. 
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